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(54) De-ringing filter

(57)  Animage de-ringing filter system and method
are provided. The method comprises: accepting image
pixels (504); collecting data from a first group of pixels
neighboring a test pixel (506); in response to the first
group data, deciding if the test pixel includes image ring-
ing artifacts (508); collecting data from a second group
of pixels neighboring the test pixel (510); in response to
the second group data, generating a filtered value (FV)

(512b/512f); and, replacing the test pixel actual value
with FV (514). Typically, collecting data from the first and
second group of pixels includes the performance of a
mathematical operation. For example, a matrix may be
defined for the multiplication of the first group of pixels.
Values of pixels on afirst side of the coordinate axis may
be subtracted from pixels on a second side of the coor-
dinate axis, opposite of the first side. Then, the differ-
ence is compared to a threshold.

FIG.1

100

112 102 - . 120
- (- | 120 O
114 . - o4 . - :
_ > DECODER DESLSI#QN DECISION LUt
COMPRESSED | _ UNIT [ t06
VIDEO S : _MEMORY
108
¢
FILTER .
10
TEST PIXEL

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 553 778 A1 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Thisinvention generally relates to compressed
image and video coding and, more particularly, to a
method for filtering ringing artifacts that may occur as a
result of compressed image and video encoding/decod-
ing processes.

2. Description of the Related Art

[0002] Computation resources and bandwidth can be
saved by encoding images and videos at a low bit-rate.
However, low bit-rate encoding may result in several
types of artifacts in the decompressed images. The
most notable artifacts include blocking and ringing arti-
facts. Theringing artifacts are typically observed around
the true edges of an image. The ringing artifacts are also
referred to as mosquito artifacts, as they tend to be an-
noying, especially in moving images (video sequences).
A variety of filters exist for filtering out these unwanted
artifacts. These include de-blocking and de-ringing fil-
ters. For de-ringing, conventional methods operate in
both the transform and pixel domains. Other conven-
tional de-ringing filters make use of quantization infor-
mation. One drawback of all the above-mentioned de-
ringing filters is that are computationally intensive. Thus,
the filters are not suitable for all receiving systems. Fur-
ther, the filters may result in unacceptable delays, even
when they can be implemented.

[0003] It would be advantageous if a low complexity
de-ringing filter could be developed for ringing artifact
reduction.

SUMMARY OF THE INVENTION

[0004] The presentinvention is a de-ringing filter with
a low computational complexity. A decision to apply the
filter is made for each pixel based on its edge strength.
In one aspect, a 3x3 kernel is used for filtering. Only the
non-edge neighbor pixels are used to filter the current
(test) pixel. In this aspect, the filter uses all of the non-
edge neighbor pixels and the current pixel weighted ap-
propriately, based on the total number of non-edge
neighbor pixels. The invention works entirely in the pixel
domain and does not use or need any quantization in-
formation. Further, the solution is not necessarily block
or macroblock-based.

[0005] Accordingly, an image de-ringing filter method
is provided. The method comprises: accepting a plural-
ity of image pixels; collecting data from a first group of
pixels neighboring a test pixel; in response to the first
group data, deciding if the test pixel includes image ring-
ing artifacts; collecting data from a second group of pix-
els neighboring the test pixel; in response to the second

10

15

20

25

30

35

40

45

50

55

group data, generating a filtered value (FV); and, replac-
ing the test pixel actual value with FV.

[0006] Typically, collecting data from the first and sec-
ond group of pixels includes the performance of a math-
ematical operation. For example, a matrix may be de-
fined for the multiplication of the first group of pixels. The
mathematical operation may involve the comparison of
pixels values on opposite sides of a coordinate axis bi-
secting the test pixel. More specifically, values of pixels
on a first side of the coordinate axis may be subtracted
from pixels on a second side of the coordinate axis, op-
posite of the first side. Then, the difference is compared
to a threshold.

[0007] Inanotheraspect, generatinga FV inresponse
to the second group operation includes: generating a
map value for each pixel in the second group; and, using
pixels from the second group to calculate FV, if they are
equal to a first map value. Specifics of map values and
the definition of the second group are provided.

[0008] Additional details of the above-described
method, and an image de-ringing filter system are pro-
vided below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is a schematic block diagram of the present
invention image de-ringing filter system.

Fig. 2 is a diagram depicting a test pixel, and a group
of neighboring pixels.

Fig. 3 is a drawing depicting the LUT of Fig. 1.

Fig. 4 is a drawing illustrating an exemplary aspect
of the present invention filter.

Fig. 5is a flowchart illustrating the present invention
image de-ringing filter method.

Fig. 6 is a flowchart illustrating another aspect of the
present invention image de-ringing filter method.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0010] Fig. 1 is a schematic block diagram of the
present invention image de-ringing filter system. The
system 100 comprises a decision unit 102 having an in-
put on line 104 to accept a plurality of image pixels. The
decision unit 102 collects data from a first group of pixels
neighboring a test pixel. In response to the first group
data, the decision unit 102 supplies a decision at an out-
put on line 106 as to whether the test pixel includes im-
age ringing artifacts. A filter 108 has an input on line 104
to accept the plurality of image pixels and an input on
line 106 to accept the decision. The filter 108 collects
data from a second group of pixels neighboring the test
pixel. In response to the second group data, the filter
generates a filtered value (FV) and supplies the FV at
an output on line 110 as a replacement to the test pixel
actual value.
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[0011] A decoder 112 has a connection on line 114 to
accepted encoded video information. The encoded vid-
eo may come from a network, local storage, or other
source. This information may be encoded in a standard
such as moving picture experts group (MPEG) or H.264
standards, to name a few examples. The decoder 112
has an output on line 104 to supply the plurality of image
pixels to the decision unit 102, and to the filter 108, as
decoded image information.

[0012] Fig. 2 is a diagram depicting a test pixel, and
a group of neighboring pixels. Pixels from the first group
are represented with a "1", while pixels from the second
group are represented with a "2". Note, the firstand sec-
ond group of pixels are not necessarily the same. Al-
though 9 pixel positions are shown, neither the first nor
the second group of pixels is limited to any particular
number.

[0013] Typically, the filter performs a mathematical
operation on the second group of pixels. Likewise, the
decision unit typically performs a mathematical opera-
tion on the first group of pixels. For example, the deci-
sion unit may define a matrix and multiply the first group
of pixels by the matrix, or more than one matrix. In some
aspects, the decision unit defines a matrix such that a
zero value is assigned to the position of the test pixel in
the matrix. In some aspects matrix may be used for a
vector dot product. In one aspect, the decision unit may
compare values of pixels on opposite sides of a coordi-
nate axis bisecting the test pixel. For example, 1a, 1d,
and 1g may be compared to 1c, 1f, and 1i. In another
aspect, the decision unit subtracts the values of pixels
on a first side of the coordinate axis from pixels on a
second side of the coordinate axis, opposite of the first
side, and compares the difference to a threshold.
[0014] In a different aspect, the decision unit com-
pares the values of pixels on opposite sides of a plurality
of coordinate axes, oriented in a plurality of directions.
For example, pixels 1a and 1¢c may be compared to pix-
els 1g and 1i, while pixels 1a and 1g are compared to
pixels 1c and 1i. In one aspect, the decision unit collects
data from a group of 4 pixels neighboring the test pixel.
For example, pixel positions 1a, 1c, 1g, and 1i can be
used. The results of any of the mathematical operations
can be compared to a threshold as a means of making
a decision as to whether a test pixel is to be filtered.
[0015] With respect to a test pixel P(i,j), with i and j
indicating row and column indices, respectively, and P
(i,j) representing a pixel gray value, operators H1 and
H2 may be used to derive gradient values g.(i,j) and
apo(ij), respectively, where

H1=[10 -1];

and,
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[0016] The decision unit calculates S(i,j) = (|gy4(i.j)] +
|gpo(ij)] + 1) >> 1, where >> x represents a binary value
right-shift of x. Then, the decision unit decides that P(i,
j) is a ringing artifact, if S(i,j) < threshold. Note, this ex-
amples uses 4 test pixel neighbors, from the immediate-
ly neighboring 8 pixels to make a filter decision.

[0017] In other aspects, the position of pixels, the
number of pixels, and the size of the neighboring group
from which the pixels are selected may be different. For
example, the operators may be as follows:

H1 =[110 -1-1];

and,

[0018] X-axis, reflection, y-axis reflection, diagonal
reflection, diagonal reflection symmetry, -90 degree ro-
tation symmetry, centro symmetry, quadrantal symme-
try, diagonal symmetry, 4-fold rotation symmetry, and
octagonal symmetry are examples of other coordinate
axes comparisons that can be made.

[0019] Referring now to the filter, in some aspects the
filter may add the test pixel to the second group of pixels.
Alternately, the test pixel value is not used to calculate
FV. In one aspect, the filter collects data from 8 pixels
neighboring the test pixel (2a, 2b, 2c, 2d, 2f, 2g, 2h, and
2i). However, other definitions of the second pixel group
are possible.

[0020] The decision unit, in response to comparing S
(i,j) to the threshold, generates a map value M(i,j) for P
(i,j), where:

M(i,j) = 1, if S(i,j) = threshold;

and,

M(i,j) = 0, if S(i,j) < threshold;
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[0021] Then, the filter uses pixels from the second
group to calculate FV, if they are equal to a first map
value. In some aspects, the filter uses a first map value
equal to 0. Alternately, the filter uses a first map value
not equal to 1.

[0022] In one aspect of the system, the filter selects
pixels from the second group to calculate FV, if they are
equal to the first map value. For example, the filter may
randomly select pixels from the second group to calcu-
late FV, if they are equal to the first map value. More
generally, the filter may accept a plurality of image pixel
sets, in a plurality of frames. Then, it generates FV by
randomly selecting a first collection of pixel positions
with respect to the test pixel, and uses pixels in the first
collection to calculate FV for each test pixel in every im-
age pixel set, in every frame.

[0023] In another aspect, the filter generates FV by
randomly selecting a first collection of pixel positions
with respect to the test pixel in a first image pixel set in
a current frame, and uses pixels in the first collection to
calculate FV for each test pixel in every image pixel set
in the current frame. Further, the filter randomly rese-
lects a second collection of pixel positions in an image
pixel setin a frame subsequent to the current frame, and
uses pixels in the second collection to calculate FV for
each test pixel in every image pixel set in the subse-
quent frame.

[0024] In another aspect, the filter selects pixels in
predetermined pixel positions, with respect to the test
pixel, from the second group to calculate FV, if it is equal
to the first map value. More generally, the filter may ac-
cepta plurality ofimage pixel sets in a plurality of frames,
and select the pixels in the predetermined pixel posi-
tions to calculate FV for each test pixel in every image
pixel set, in every frame. For example, the filter may se-
lect the pixels in a predetermined first collection of pixel
positions to calculate FV for each test pixel in every im-
age pixel set in a current frame, and select the pixels in
a predetermined second collection of pixel positions to
calculate FV for each test pixel in every image pixel set
in a frame subsequent to the current frame.

[0025] In another aspect, the filter generates FV by
selecting the pixels in the predetermined first collection
of pixel positions to calculate FV for test pixels in a first
image pixel set and, then, selecting the pixels in the pre-
determined second collection of pixel positions to cal-
culate FV for test pixels in a second image pixel set.
[0026] In a different aspect of the invention, the filter
uses pixels from the second group to calculate FV, if
they are equal to a first map value, by selectively weight-
ing second group pixel values. Then, the weighted val-
ues are summed and averaged. In this aspect, the filter
may add the test pixel to the second group of pixels. The
filter may also selectively weigh in response to number
of pixels in the second group.

[0027] The following is a specific example of a filter
algorithm. The filter generates FV by:
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calculating nV = sum of second group pixel values
for pixels having a map value of 0O;

calculating nE = total number of pixels in the second
group with a map value of 0O;

if nE = 1, then

FV = (nV + P(i,j) +1) >> 1;

else, if nE < 4, then

NV = nV + (4 - nE)=P(ij);

and,

FV =(nV +2)>>2;

else, if nE < 8, then

nV =nV + (8 - nE)=P(i,j);

and,

FV =(nV +4)>>3;

else, if nE = 8, then

nV=nV-P(i+1,j+1) +P(i,);

and,
FV =(nV +4)>>3.
[0028] In an alternate algorithm, the filter generates
FV by:

calculating nV = sum of second group pixel values
for pixels having a map value of 0;

calculating nE = total number pixels in the second
group with a map value of 0O;

if nE = 1, then

FV = (nV + P(i,j) +1) >> 1;

else, if nE < 4, then

nV = nV + (4 - nE)=Pyij);

and,
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FV = (nV) >> 2;

else, if nE < 8, then

nV =nV + (8 - nE)=*P(i,j);

and,

FV = (nV)>>3;

else, if nE = 8, then

NV =nV-P(i+1,j+1) +P(i,);

and,

FV = (nV) >> 3.

[0029] Returning to Fig. 1, some aspects of the sys-
tem 100 include an accessible memory 120 including a
lookup table (LUT) 122 with pre-calculated values. The
filter 108 generates a FV in response accessing the LUT
122.

[0030] Fig. 3 is a drawing depicting the LUT of Fig. 1.
As shown, the LUT 122 is indexed by nE values. The
filter calculates nE, where nE = the total number of pixels
in the second group with the first map value. The filter
then uses the calculated nE value to access the LUT
122. In one aspect, the LUT 122 includes a value for
each nE indicating the number of times the test pixel P
(i,j) is added. In another aspect, the LUT 122 includes
a value for each nE indicating the number of times the
result is right shifted. In a different aspect, the LUT 122
includes a value for each nE indicating if a pixel value
from second group of pixels is subtracted, or not.

Functional Description

[0031] As described above, the present invention de-
ringing filter consists of decision and filtering functions.
The following description is one specific example of the
de-ringing filter.

Decision Stage

[0032] Foreach pixel, a decision is made as to wheth-
er the pixel should be filtered or left unprocessed. The
decision is based on following computation:

[0033] For each pixel, use the operators H; =[1 0 -1]
and
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to compute two gradient values that are denoted by g
(7, )y and g (i, j). The operators are selected so that the
actual current (test) pixel itself is not used in the calcu-
lation of its Strength(i, j) . Instead, only its 4 neighbors
are used for this computation. Then a local measure
Strength(i, j) for the current pixel (i, j) is calculated as:

Strength(i) = (| gy (i) | +| Gpyy (i ) 141) >> 1;

if (Strength(i, j) >= Thréshold )
{

Map (i, j)=1;
else

Map (i, j)=0;
Apply De-ringing filter;

,where (i, j) is the pixel index and Threshold is a

parameter which controls the filtering decision. The
Threshold is a parameter that can be manipulated to
vary the effective strength of the filter. A high-threshold
value results in more pixels getting filtered and, thus, a
stronger filter. A low-threshold value results in a lesser
number of pixels getting filtered and, thus, a weaker fil-
ter.
[0034] If the Strength(i, j) of a test pixel is less than
the threshold, then the de-ringing filter is applied to this
pixel. Otherwise, the pixel is left unprocessed, i.e., its
value is used without changing. If the decision is made
to apply a de-ringing filter to a pixel, then the Strength
(i, j) value is computed and compared to the Threshold ,
to obtain the Map (i, j) values for the current pixel's 8
neighbors in the 3x3 size kernel. These values are used
in the de-ringing filter stage, as explained below.

Low complexity adaptive filtering stage

[0035] Based on the decisionfrom the previous stage,
the pixels are processed by de-ringing filter, or not proc-
essed. The filter has a low complexity, as compared to
other approaches, and is signal adaptive. The filtering
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can be done in place, or the results could be stored in
a separate memory store. For example, satisfactory re-
sults are obtained with an in-place computation ap-
proach, using a 3x3 kernel.

[0036] Fig.4isadrawingillustrating an exemplary as-
pect of the present invention filter. The filter can be re-
alized using only addition, subtraction, and shift opera-
tions. The multiplication operations in Fig. 4 can also be
realized as multiple addition operations. In one case, a
randomly (or selectively - based on some criterion) cho-
sen neighbor pixel is not used in the filtering of the cur-
rent pixel (if nE is equal to 8, for example). A lookup
table can be used to realize the filter. The lookup table
can be indexed by the value nE, and can store the in-
formation about the number of times the center pixel is
added. The LUT can also be used if any neighbor pixels
need to be subtracted (or effectively not used). The re-
sulting average value is used to replace the current pixel
under consideration.

[0037] Fig. 5 is a flowchart illustrating the present in-
vention image de-ringing filter method. Although the
method is depicted as a sequence of numbered steps
for clarity, no order should be inferred from the number-
ing unless explicitly stated. It should be understood that
some of these steps may be skipped, performed in par-
allel, or performed without the requirement of maintain-
ing a strict order of sequence. The method starts at Step
500.

[0038] Step 502 decodes compressed image infor-
mation. Step 504 accepts a plurality of image pixels.
That is, the decoded image information is accepted.
Step 506 collects data from a first group of pixels neigh-
boring a test pixel. Step 508 decides if the test pixel in-
cludes image ringing artifacts, in response to the first
group data. Step 510 collects data from a second group
of pixels neighboring the test pixel. Step 512, in re-
sponse to the second group data, generates a filtered
value (FV). Step 514 replaces the test pixel actual value
with FV. Note, FV is not necessarily calculated, or used
to replace the test pixel, depending upon the result of
the decision process in Step 508.

[0039] In one aspect, collecting data from a second
group of pixels neighboring a test pixel in Step 510 in-
cludes performing a mathematical operation on the sec-
ond group of pixels. For example, collecting data from
a second group of pixels neighboring the test pixel in
Step 510 includes collecting data from 8 pixels neigh-
boring the test pixel. In another aspect, Step 510 adds
the test pixel to the second group of pixels.

[0040] Likewise, collecting data from a first group of
pixels neighboring a test pixel in Step 506 may include
performing a mathematical operation on the first group
of pixels. In some aspects, Step 506 compares the re-
sults of the mathematical operation to a threshold.
[0041] Forexample, performing a mathematical oper-
ation on the first group of pixels may include substeps.
Step 506a defines a matrix. Step 506b multiplies the first
group of pixels by the matrix. In one aspect, the matrix
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is defined such that a zero value is assigned to the po-
sition of the test pixel in the matrix.

[0042] In one aspect, performing a mathematical op-
eration on the first group of pixels (Step 506) may in-
clude comparing values of pixels on opposite sides of a
coordinate axis bisecting the test pixel. For example,
comparing values of pixels on opposite sides of a coor-
dinate axis bisecting the test pixel may include: subtract-
ing the values of pixels on a first side of the coordinate
axis from pixels on a second side of the coordinate axis,
opposite of the first side; and, comparing the difference
to a threshold. In some aspects, a fixed threshold value
is selected. Further, the values of pixels may be com-
pared on opposite sides of a plurality of coordinate axes,
oriented in a plurality of directions. In another example,
data is collected from a group of 4 pixels neighboring
the test pixel.

[0043] More specifically, values of pixels on opposite
sides of a coordinate axis bisecting the test pixel may
be compared (Step 506) as follows:

with respect to a test pixel P(i,j), with i and j indicat-
ing row and column indices, respectively, and P(i,j)
representing a pixel gray value, using operators H1
and H2 to derive gradient values gH1(i,j) and gy(i,
j), respectively, where

H1=[10 -1];

and,

H2=| 0
-1

calculating S(i,j) = (194D + 9y + 1) >> 1;

where >> x represents a binary value right-
shift of x.

[0044] Then, deciding if the test pixel includes image
ringing artifacts in Step 508 includes deciding that P(i,j)
includes ringing artifacts, if S(i,j) < threshold.

[0045] Additionally, Step 506 may, in response to
comparing S(i,j) to the threshold, generate a map value
M(i,j) for P(i,j), where:

M(i,j) = 1, if S(i,j) > threshold;

and,
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M(i,j) = 0, if S(ij) < threshold.

[0046] Then, generating FV in Step 512 includes us-
ing pixels from the second group to calculate FV, if they
are equal to a first map value. In some aspects, FV is
generated using a first map value of 0. In other aspects,
the first map value is not equal to 1. Alternately, FV can
be calculated by selecting pixels from the second group,
if they are equal to the first map value.

[0047] Forexample, pixels may be randomly selected
from the second group for the calculation of FV, if they
are equal to the first map value. If Step 504 accepts a
plurality of image pixel sets, in a plurality of frames, then
generating FV in Step 512 may include substeps. Step
512arandomly selects a first collection of pixel positions
with respect to the test pixel. Step 512b uses pixels in
the first collection to calculate FV for each test pixel in
every image pixel set, in every frame. In a different as-
pect, Step 512a randomly selects a first collection of pix-
el positions with respect to the test pixel in a first image
pixel setin a current frame. Step 512b uses pixels in the
first collection to calculate FV for each test pixel in every
image pixel set in the current frame. Step 512¢ (not
shown) randomly reselects a second collection of pixel
positions in an image pixel set in a frame subsequent to
the current frame. Step 512d (not shown) uses pixels in
the second collection to calculate FV for each test pixel
in every image pixel set in the subsequent frame.
[0048] In another aspect, Step 512 selects a prede-
termined collection of pixel positions with respect to the
test pixel. If Step 504 accepts a plurality of image pixel
sets in a plurality of frames, then Step 512 generates
FV by selecting the pixels in the predetermined pixel po-
sitions to calculate FV for each test pixel in every image
pixel set, in every frame. Alternately, Step 512e selects
the pixels in a predetermined first collection of pixel po-
sitions to calculate FV for each test pixel in every image
pixel set in a current frame. Step 512f selects the pixels
in a predetermined second collection of pixel positions
to calculate FV for each test pixel in every image pixel
set in a frame subsequent to the current frame. As an-
other alternative, Step 512e may select the pixels in the
predetermined first collection of pixel positions to calcu-
late FV for test pixels in a first image pixel set. Then,
Step 512f selects the pixels in the predetermined sec-
ond collection of pixel positions to calculate FV for test
pixels in a second image pixel set.

[0049] In another aspect, using pixels from the sec-
ond group to calculate FV, if they are equal to a first map
value (Step 512), may include other substeps (not
shown). Step 512g selectively weights second group
pixel values. Step 512h sums the weighted values. Step
512i averages. With this aspect, the test pixel may be
added to the second group of pixels. Further, Step 512g
may weigh the pixels in response to the number of pixels
in the second group.

[0050] In another aspect, the generation of FV (Step

10

15

20

25

30

35

40

45

50

55

512) may include:

calculating nV = sum of second group pixel values
for pixels having a map value of 0;

calculating nE = total number of pixels in the second
group with a map value of 0;

if nE = 1, then

FV = (nV + P(i,j) +1) >> 1;

else, if nE < 4, then

nV =nV + (4 - nE)*P(i,j);

and,

FV = (nV + 2) >> 2;

else, if nE < 8, then

nV =nV + (8 - nE)*P(i,j);

and,

FV = (nV +4) >> 3;

else, if nE = 8, then

nV =nV-P(i+1,]j+1) +P(i,j);

and,

FV=(nV+4) >> 3.

[0051] Alternately, the generation of FV may include:

calculating nV = sum of second group pixel values
for pixels having a map value of 0O;

calculating nE = total number pixels in the second
group with a map value of 0;

if nE =1, then

FV = (nV + P(i,j) +1) >> 1;

else, if nE < 4, then

nV =nV + (4 - nE)*P(i,j);

and,
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FV = (nV) >> 2;

else, if nE < 8, then

nV =nV + (8 - nE)=*P(i,j);

and,

FV = (nV) >> 3;

else, if nE = 8, then

nVvV =nV-P(i+1,j+1) +P(i,j);

and,

FV = (nV) >> 3.

[0052] In other aspects, generating FV in response to
the second group data includes other substeps (not
shown). Step 512j loads a lookup table (LUT) with the
pre-calculated values. Typically, the LUT is loaded be-
fore the decision and filtering processes are performed.
Step 512k accesses the LUT. For example, Step 512k1
calculates nE = the total number of pixels in the second
group with the first map value. Then, Step 512k2 uses
nE to access the LUT.

[0053] Inone aspect, Step 512jloads a value for each
nE indicating the number of times the test pixel P(i,)) is
added. In another aspect, Step 512j loads a value for
each nE indicating the number of times the result is right
shifted. In a third aspect, Step 512j loads a value for
each nE indicating if a pixel value from second group of
pixels is subtracted or not.

[0054] Fig. 6 is a flowchart illustrating another aspect
of the present invention image de-ringing filter method.
The method starts at Step 600. Step 602 accepts a plu-
rality of image pixels. Step 604 performs a mathematical
operation on a first group of pixels neighboring a test
pixel. Step 606, in response to the first group operation,
decides if the test pixel includes image ringing artifacts.
Step 608 performs a mathematical operation on a sec-
ond group of pixels neighboring the test pixel. Step 610,
in response to the second group operation, generates
FV. Step 612 replaces the test pixel actual value with FV.
[0055] In one aspect, performing a mathematical op-
eration on the first group of pixels (Step 604) includes:
defining a matrix; and, multiplying the first group of pix-
els by the matrix. In another aspect, Step 604 compares
values of pixels on opposite sides of a coordinate axis
bisecting the test pixel.

[0056] In one aspect, generating a FV in response to
the second group operation (Step 610) includes: gener-
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ating a map value for each pixel in the second group;
and, using pixels from the second group to calculate FV,
if they are equal to a first map value.

[0057] A system and method have been provided for
removing ringing artifacts that can be simply implement-
ed after a compressed video decoding process. Some
examples of specific algorithms have been described to
clarify the invention. However, the invention is not limit-
ed to merely these examples. Although abstract com-
pressed video standards have been described, the
present invention may be adapted for use with the fol-
lowing video standards: MPEG1, MPEG2, MPEG4, H.
263, H.263+, H.263++, and H.264. Other variations and
embodiments of the invention will occur to those skilled
in the art.

Claims

1. Animage de-ringing filter method, the method com-
prising:

accepting a plurality of image pixels;
collecting data from a first group of pixels neigh-
boring a test pixel;

in response to the first group data, deciding if
the test pixel includes image ringing artifacts;
collecting data from a second group of pixels
neighboring the test pixel;

in response to the second group data, generat-
ing a filtered value (FV); and,

replacing the test pixel actual value with FV.

2. The method of claim 1 wherein collecting data from
a second group of pixels neighboring a test pixel
includes performing a mathematical operation on
the second group of pixels.

3. The method of claim 1 wherein collecting data from
a first group of pixels neighboring a test pixel in-
cludes performing a mathematical operation on the
first group of pixels.

4. The method of claim 3 wherein collecting data from
a first group of pixels neighboring a test pixel further
includes comparing the results of the mathematical
operation to a threshold.

5. The method of claim 3 wherein performing a math-
ematical operation on the first group of pixels in-
cludes:

defining a matrix; and,
multiplying the first group of pixels by the ma-
trix.

6. The method of claim 5 wherein the matrix is defined
such that a zero value is assigned to the position of
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the test pixel in the matrix.

The method of claim 3 wherein performing a math-
ematical operation on the first group of pixels in-
cludes comparing values of pixels on opposite sides
of a coordinate axis bisecting the test pixel.

The method of claim 7 wherein comparing values
of pixels on opposite sides of a coordinate axis bi-
secting the test pixel includes:

subtracting the values of pixels on a first side
of the coordinate axis from pixels on a second
side of the coordinate axis, opposite of the first
side; and,

comparing the difference to a threshold.

The method of claim 8 wherein comparing values
of pixels on opposite sides of a coordinate axis bi-
secting the test pixel includes comparing the values
of pixels on opposite sides of a plurality of coordi-
nate axes, oriented in a plurality of directions.

The method of claim 7 wherein collecting data from
a first group of pixels neighboring a test pixel in-
cludes collecting data from a group of 4 pixels
neighboring the test pixel.

The method of claim 9 wherein comparing values
of pixels on opposite sides of a coordinate axis bi-
secting the test pixel includes:
with respect to a test pixel P(i,j), with i and j in-
dicating row and column indices, respectively,
and P(i,j) representing a pixel gray value, using

operators H1 and H2 to derive gradient values
9n4(i.J) and gyo(i.j), respectively, where

H1=[10-1];

and,

H2=| 0

calculating

S(1.J) = (l9y7 (LDl + 9] + 1) >> 1;

where >> x represents a binary value
right-shift of x;
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19.

20.

16
wherein deciding if the test pixel includes im-
age ringing artifacts includes deciding that P(ij) in-
cludes ringing artifacts, if S(i,j) < threshold.
The method of claim 7 further comprising:
selecting a fixed threshold value.
The method of claim 1 further comprising:

decoding compressed image information; and,

wherein accepting a plurality of image pixels
includes accepting the decoded image information.

The method of claim 1 wherein collecting data from
a second group of pixels neighboring the test pixel
includes adding the test pixel to the second group
of pixels.

The method of claim 1 wherein collecting data from
a second group of pixels neighboring the test pixel
includes collecting data from 8 pixels neighboring
the test pixel.

The method of claim 11 wherein comparing values
of pixels on opposite sides of a coordinate axis bi-
secting the test pixel additional includes:

in response to comparing S(i,j) to the threshold,
generating a map value M(i,j) for P(i,j), where:

M(i,j) = 1, if S(i,j) = threshold;

and,

M(i,j) = 0, if S(i,j) < threshold;

and,

wherein generating FV includes using pixels
from the second group to calculate FV, if they are
equal to a first map value.

The method of claim 16 wherein generating FV in-
cludes the first map value being equal to 0.

The method of claim 16 wherein generating FV in-
cludes the first map value not being equal to 1.

The method of claim 16 wherein generating FV in-
cludes selecting pixels from the second group to
calculate FV, if they are equal to the first map value.

The method of claim 19 wherein generating FV in-
cludes randomly selecting pixels from the second
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group to calculate FV, if they are equal to the first
map value.

The method of claim 20 wherein accepting a plural-
ity of image pixels includes accepting a plurality of
image pixel sets, in a plurality of frames;

wherein generating FV includes:

randomly selecting pixels in a first collection of
pixel positions with respect to the test pixel;
using pixels in the first collection to calculate
FV for each test pixel in every image pixel set,
in every frame.

The method of claim 20 wherein accepting a plural-
ity of image pixels includes accepting a plurality of
image pixel sets, in a plurality of frames;

wherein generating FV includes:

randomly selecting a first collection of pixel po-
sitions with respect to the test pixel in a first im-
age pixel set in a current frame;

using pixels in the first collection to calculate
FV for each test pixel in every image pixel set
in the current frame;

randomly reselecting a second collection of pix-
el positions in animage pixel setin a frame sub-
sequent to the current frame; and,

using pixels in the second collection to calcu-
late FV for each test pixel in every image pixel
set in the subsequent frame.

The method of claim 19 wherein selecting pixels
from the second group to calculate FV, if they are
equal to the first map value, includes selecting a
predetermined collection of pixel positions with re-
spect to the test pixel.

The method of claim 23 wherein accepting a plural-
ity of image pixels includes accepting a plurality of
image pixel sets in a plurality of frames;

wherein generating FV includes selecting the
pixels in a predetermined first collection of pixel po-
sitions to calculate FV for each test pixel in every
image pixel set, in every frame.

The method of claim 23 wherein accepting a plural-
ity of image pixels includes accepting a plurality of
image pixel sets in a plurality of frames;

wherein generating FV includes:

selecting the pixels in a predetermined first col-
lection of pixel positions to calculate FV for
each test pixel in every image pixel setin a cur-
rent frame; and,

selecting the pixels in a predetermined second
collection of pixel positions to calculate FV for
each test pixel in every image pixel set in a
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frame subsequent to the current frame.

The method of claim 23 wherein generating FV in-
cludes:

selecting the pixels in a predetermined first col-
lection of pixel positions to calculate FV for
each test pixel in a first image pixel set; and,
selecting the pixels in a predetermined second
collection of pixel positions to calculate FV for
each test pixel in a second image pixel set.

The method of claim 16 wherein using pixels from
the second group to calculate FV, if they are equal
to a first map value, includes:

selectively weighting second group pixel val-
ues;

summing the weighted values; and,
averaging.

The method of claim 27 wherein collecting data
from a second group of pixels neighboring the test
pixel includes adding the test pixel to the second
group of pixels.

The method of claim 27 wherein selectively weight-
ing second group pixel values includes weighting in
response to number of pixels in the second group.

The method of claim 16 wherein generating FV in-
cludes:

calculating nV = sum of second group pixel val-
ues for pixels having a map value of 0;
calculating nE = total number of pixels in the
second group with a map value of 0;

if nE = 1, then FV = (nV + P(i,j) +1) >> 1;

if nE < 4, then

nV =nV + (4 - nE)=*P(i,j);

and,
FV =(nV + 2) >> 2;
if NE < 8, then
nV =nV + (8 - nE)*P(i,j);
and,

FV=(nV +4)>>3;
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if nE = 8, then

NV =nV-P(i+1,j+1) +P(i,);

and,

FV = (nV +4) >> 3.

31. The method of claim 16 wherein generating FV in-

cludes:
calculating nV = sum of second group pixel val-
ues for pixels having a map value of 0;
calculating nE = total number pixels in the sec-

ond group with a map value of 0;
if nE =1, then

FV = (nV + P(ij) +1) >> 1;

if nE < 4, then

nV = nV + (4 - nE)*P(ij);

and,

FV = (nV) >> 2;
if nE < 8, then

nV =nV + (8 - nE)*P(i,j);

and,

FV = (nV)>>3;
if nE = 8, then

nVvV=nV-P(@i+1,j+1) +P(ij);

and,

FV = (nV) >> 3.

32. The method of claim 16 wherein generating a FV in

response to the second group data includes:

loading a lookup table (LUT) with the pre-cal-
culated values; and,
accessing the LUT.
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The method of claim 32 generating a FV includes:

calculating nE = the total number of pixels in
the second group with the first map value; and,
using nE to access the LUT.

The method of claim 32 loading a LUT with the pre-
calculated values includes loading a value for each
nE indicating the number of times the test pixel P(i,
j) is added.

The method of claim 32 loading a LUT with the pre-
calculated values includes loading a value for each
nE indicating the number of times the result is right
shifted.

The method of claim 32 loading a LUT with the pre-
calculated values includes loading a value for each
nE indicating if a pixel value from second group of
pixels is subtracted.

An image de-ringing filter method, the method com-
prising:

accepting a plurality of image pixels;
performing a mathematical operation on a first
group of pixels neighboring a test pixel;

in response to the first group operation, decid-
ing if the test pixel includes image ringing arti-
facts;

performing a mathematical operation on a sec-
ond group of pixels neighboring the test pixel;
in response to the second group operation,
generating a filtered value (FV); and,
replacing the test pixel actual value with FV.

The method of claim 37 wherein performing a math-
ematical operation on the first group of pixels in-
cludes:

defining a matrix; and,
multiplying the first group of pixels by the ma-
trix.

The method of claim 37 wherein performing a math-
ematical operation on the first group of pixels in-
cludes comparing values of pixels on opposite sides
of a coordinate axis bisecting the test pixel.

The method of claim 37 generating a FV in re-
sponse to the second group operation includes:

generating a map value for each pixel in the
second group; and,

using pixels from the second group to calculate
FV, if they are equal to a first map value.

An image de-ringing filter system, the system com-
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prising:

a decision unit (102) having an input to accept
a plurality of image pixels, the decision unit
(102) collecting data from a first group of pixels
neighboring a test pixel and, in response to the
first group data, supplying a decision at an out-
put as to whether the test pixel includes image
ringing artifacts; and,

a filter (108) having an input to accept the plu-
rality of image pixels and an input to accept the
decision, the filter collecting data from a second
group of pixels neighboring the test pixel and,
in response to the second group data, generat-
ing a filtered value (FV) and supplying the FV
at an output as a replacement to the test pixel
actual value.

The system of claim 41 wherein the filter (108) per-
forms a mathematical operation on the second
group of pixels.

The system of claim 41 wherein the decision unit
(102) performs a mathematical operation on the first
group of pixels.

The system of claim 43 wherein the decision unit
(102) compares the results of the mathematical op-
eration to a threshold.

The system of claim 43 wherein the decision unit
(102) defines a matrix and multiplies the first group
of pixels by the matrix.

The system of claim 45 wherein the decision unit
(102) defines a matrix such that a zero value is as-
signed to the position of the test pixel in the matrix.

The system of claim 43 wherein the decision unit
(102) compares values of pixels on opposite sides
of a coordinate axis bisecting the test pixel.

The system of claim 47 wherein the decision unit
(102) subtracts the values of pixels on a first side of
the coordinate axis from pixels on a second side of
the coordinate axis, opposite of the first side, and
compares the difference to a threshold.

The system of claim 48 wherein the decision unit
(102) compares the values of pixels on opposite
sides of a plurality of coordinate axes, oriented in a
plurality of directions.

The system of claim 47 wherein the decision unit
(102) collects data from a group of 4 pixels neigh-

boring the test pixel.

The system of claim 49 wherein the decision unit
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(102) :

with respect to a test pixel P(i,j), with i and j in-
dicating row and column indices, respectively,
and P(i,j) represents a pixel gray value, uses

operators H1 and H2 to derive gradient values
gn4(1,J) and gyo(i.j), respectively, where

H1 =[10 -1];

and,

calculates

S(i.J) = (1941 (D] + 1G] + 1) >> 1;

where >> x represents a binary value
right-shift of x; and,
decides that P(i,j) is a ringing artifact, if S(i,j) <
threshold.

The system of claim 41 further comprising:
a decoder (112) having a connection to accept-
ed encoded video information and an output to
supply the plurality of image pixels to the deci-
sion unit (102), and to the filter (108), as decod-

ed image information.

The system of claim 41 wherein the filter (108) adds
the test pixel to the second group of pixels.

The system of claim 41 wherein the filter (108) col-
lects data from 8 pixels neighboring the test pixel.

The system of claim 51 wherein the decision unit
(102) :

in response to comparing S(i,j) to the threshold,
generates a map value M(i,j) for P(i,j), where:

M(ij) = 1, if S(i,j) > threshold;

and,

M(i,j) = 0, if S(i,j) < threshold;
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wherein the filter (108) generates a map value
for each pixel in the second group and uses pixels
from the second group to calculate FV, if they are
equal to a first map value.

The system of claim 55 wherein the filter (108) uses
a first map value equal to 0.

The system of claim 55 wherein the filter (108) uses
a first map value not equal to 1.

The system of claim 55 wherein the filter (108) se-
lects pixels from the second group to calculate FV,
if they are equal to the first map value.

The system of claim 58 wherein the filter (108) ran-
domly selects pixels from the second group to cal-
culate FV, if they are equal to the first map value.

The system of claim 59 wherein the filter (108) ac-
cepts a plurality of image pixel sets, in a plurality of
frames and generates FV by:

randomly selecting a first collection of pixel po-
sitions with respect to the test pixel;

using pixels in the first collection to calculate
FV for each test pixel in every image pixel set,
in every frame.

The system of claim 59 wherein the filter (108) ac-
cepts a plurality of image pixel sets, in a plurality of
frames and generates FV by:

randomly selecting a first collection of pixel po-
sitions with respect to the test pixel in a first im-
age pixel set in a current frame;

using pixels in the first collection to calculate
FV for each test pixel in every image pixel set
in the current frame;

randomly reselecting a second collection of pix-
el positions in animage pixel setin a frame sub-
sequent to the current frame; and,

using pixels in the second collection to calcu-
late FV for each test pixel in every image pixel
set in the subsequent frame.

The system of claim 58 wherein the filter (108) se-
lects predetermined pixel positions, with respect to
the test pixel, from the second group to calculate
FV, if they are equal to the first map value.

The system of claim 62 wherein the filter (108) ac-
cepts a plurality of image pixel sets in a plurality of
frames and selects the pixels in the predetermined
pixel positions to calculate FV for each test pixel in
every image pixel set, in every frame.

The system of claim 62 wherein the filter (108) ac-
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cepts a plurality of image pixel sets in a plurality of
frames and generates FV by:

selecting the pixels in a predetermined first col-
lection of pixel positions to calculate FV for
each test pixel in every image pixel setin a cur-
rent frame; and,

selecting the pixels in a predetermined second
collection of pixel positions to calculate FV for
each test pixel in every image pixel set in a
frame subsequent to the current frame.

65. The system of claim 62 wherein the filter (108) gen-

66

67.

68.

69.

erates FV by:

selecting the pixels in a predetermined first col-
lection of pixel positions to calculate FV for test
pixels in a first image pixel set; and,
selecting the pixels in a predetermined second
collection of pixel positions to calculate FV for
test pixels a second image pixel set.

. The system of claim 55 wherein the filter (108) uses
pixels from the second group to calculate FV, if they
are equal to a first map value, by:

selectively weighting second group pixel val-
ues;

summing the weighted values; and,
averaging.

The system of claim 66 wherein the filter (108) adds
the test pixel to the second group of pixels.

The system of claim 66 wherein the filter (108) se-
lectively weights in response to number of pixels in

the second group.

The system of claim 55 wherein the filter (108) gen-
erates FV by:

calculating nV = sum of second group pixel val-
ues for pixels having a map value of 0;
calculating nE = total number of pixels in the
second group with a map value of 0O;

if nE =1, then

FV = (nV +P(i,j) +1) >> 1;

if nNE < 4, then

nV = nV + (4 - nE)*P(i,j);

and,
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FV=(nV+2)>>2;

if nE < 8, then

nV =nV + (8 - nE)*P(i,j);

and,
FV = (nV +4) >> 3;
ifnE = 8,then
nV=nV-P(i+1,j+1) +P(ij);
and,

FV=(nV+4)>>3.

70. The system of claim 55 wherein the filter (108) gen-

erates FV by:
calculating nV = sum of second group pixel val-
ues for pixels having a map value of 0;
calculating nE = total number pixels in the sec-

ond group with a map value of 0;
if nE = 1, then

FV = (nV + P(i,j) +1) >> 1;

if nE < 4, then

nV =nV + (4 - nE)*P(i,j);

and,
FV = (nV) >> 2;
if nE < 8, then
nV =nV + (8 - nE)=P(i,j);
and,
FV = (nV) >> 3;
if nE = 8, then
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nVv=nV-P(i+1,j+1) +P(i);

and,

FV (nV) >> 3.

The system of claim 55 further comprising:

an accessible memory (120) including a lookup
table (LUT) (122) with pre-calculated values;

wherein the filter (108) generates a FV in re-
sponse accessing the LUT (122).

The system of claim 71 wherein the LUT (122) is
indexed by nE values: and,

wherein the filter (108) calculates nE = the to-
tal number of pixels in the second group with the
first map value, and uses nE to access the LUT
(122).

The system of claim 72 wherein the LUT (122) in-
cludes a value for each nE indicating the number of
times the test pixel P(i,j) is added.

The system of claim 72 wherein the LUT (122) in-
cludes a value for each nE indicating the number of
times the result is right shifted.

The system of claim 72 wherein the LUT (122) in-
cludes a value for each nE indicating if a pixel value
from second group of pixels is subtracted.
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